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The present study on drip irrigation in sugarcane was undertaken to assess crop yield,
quality of juice, nutrient uptake and its utilization efficiency, irrigation water use
efficiency, and soil moisture status for two crop years at the Research Farm of Water
Management, Mahatma Phule Krishi Vidhyapeeth, Rahuri, Maharashtra (long. 198450
to 198570 north; lat. 748180 to 748650 east), India. Drip irrigation at 2-, 3-, and 4-day
intervals produced 20, 16 and 13% higher cane yield than furrow irrigation at 75 mm
cumulative pan evaporation (CPE) in which the cane yield was 131.4 t ha71. During the
crop growth period, soil moisture depletion was 34–46% in furrow-irrigated treatment
and 5–20% in drip-irrigated treatment. Similarly, 108% higher irrigation water use
efficiency was achieved in 2-day drip irrigation over furrow irrigation in which the
irrigation water efficiency was 787 kg ha71 cm. Fertilization through drip improved
agronomic efficiency, physiological efficiency, and apparent recovery considerably more
than furrow irrigation.
Keywords: fertilization; drip irrigation; apparent recovery; agronomic efficiency;
irrigation water use efficiency; stomatal resistance; sugarcane
Introduction
Irrigated agriculture plays a key role in world food security and sustainability. Sugarcane
being a long duration (12–18 months) and water exhaustive crop (100–200 cm water),
deserves great attention for efficient water management technologies to be adopted
worldwide (Shannon 1992). A January–February planted sugarcane crop requires a large
amount of irrigation water during the first four months due to high atmospheric demand.
Sugarcane is grown in the northern and southern parts of the country but the crop grown
in the southern climatic condition requires more irrigation water than in the northern part
(Yadav and Prasad 1988). This difference is attributed to the more crop evaporative
demand. Irrigation to sugarcane in the canal command area is mostly practiced by the
furrow irrigation method with poor irrigation efficiency attributing to 15, 7, 22, and 27%
losses at canal, distributaries, watercourses and field channel level, respectively
(Navalawala 1991). These losses are resulting in irrigation-induced land degradation in
different irrigation command areas.
Under the circumstances of high water demand, drip irrigation in sugarcane holds
promise as this method saves a substantial amount of irrigation water (13.5–56.3% in
sugarcane) over the furrow irrigation method (Alam and Kumar 2001). To promote
micro-irrigation in India, sincere efforts have been made by the Government of India and
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cover 0.142 million ha so far, out of which 18.8% is under sugarcane alone (Singh 2001).
Now the government has proposed to cover a 27 million ha area under a micro-
irrigation system in different commercial crops by 2020, of which 4.40 million ha will be
under sugarcane alone. So it is essential to bring more areas under drip irrigation in
sugarcane.
Sugarcane production requires a large amount of nitrogen compared to other crops
(Keating et al. 1997). Both cereal and sugarcane require nitrogen for vegetative growth;
however, N dynamic and transport in both plant varies significantly. Cereal transport
nitrogen into sink (grain) and accumulated with maturation; however, sugarcane
maturation is delayed and sugar content is reduced if excess nitrogen continues to be
accumulated in sugarcane until harvest (Wiedenfeld 1995; Muchow et al. 1996). So the
application of the desired quantity of nitrogen in sugarcane and its effectiveness towards
crop production is possible only through a drip irrigation system as the applied nitrogen
through irrigation water is placed near the effective crop root zone and subsequently
utilized by the plant.
Measurement of the crop canopy temperature in crops under different levels
of available soil moisture indicates the magnitude of moisture stress. In a water-
deficit irrigation schedule, the canopy temperature is higher than the ambient
temperature and hence the crop needs irrigation. On the basis of Tc-Ta,
several researchers have identified a proper irrigation schedule and estimated
evapotranspiration of different crops (Ehrler et al. 1978; Kjelgnard et al. 1996).
Similarly, the assessment of soil water within the crop root zone and its effects on
physiological processes in the plant system needs adequate attention. Considering the
importance of these input resources in crop production, an experiment was conducted
in vertisols (clay soil) to study the performance of sugarcane under drip irrigation with
fertilization and assess the economic importance of a drip system for wider adoption in
this crop.
Materials and methods
Experimental site and climate
A field experiment was conducted during 1993–1994 and repeated in 1994–1995 at the
Water Management Research Farm of Mahatma Phule Agriculture University Rahuri,
Maharashtra, India. The location of the experimental site is 198450 to 198570 north latitude
and 748180 to 178190 east longitude and at an altitude of 447 m above mean sea level. The
study area comes under hot semi-arid eco region (Sehgal et al. 1992). The long-term (1975–
1995) annual rainfall is 520 mm, out of which about 67% is received during the wet season
and the remaining 33% during the winter and hot season. The soil was clay in texture
throughout the profile (up to 1 m depth) with an average bulk density of 1.24 Mg m73. It
was poor in organic carbon and available phosphorus, medium in available nitrogen and
rich in available potassium (Table 1).
Crop management and treatment details
Sugarcane (cv. CO 7219) sets were planted in a row-to-row spacing of 60 cm in furrow on
14 February 1993 and 24 January 1994; and harvested (without ratoon) on 19 January
1994 and 24 January 1995. The treatment comprised three levels of irrigation in drip, one
level of irrigation in furrow method and three levels of nitrogen. It was replicated three
times in split plot design with a plot size of 7.2 6 6.0 m (Figure 1). The crop was fertilized






































with nitrogen as per treatment and recommended dose of phosphorus (115 kg P2O5 ha
71)
and potassium (115 kg K2O ha
71) were applied at the time of planting as basal
application. Irrigation under drip was scheduled at 2-, 3- and 4-day intervals using lateral
(16 mm dia.), spaced 1.8 m apart. Pressure compensating drippers (4 lph) were mounted
on the lateral at 0.6 m interval. One lateral served a pair of rows. The operating pressure
of the system was 100 kPa. The amount of irrigation water applied at each time was
recorded with a water metre, which was fitted in the main line of the system. The volume of
Table 1. Initial physical and chemical properties of experimental site.
Soil properties 1993–1994 1994–1995
Soil texture Clay Clay
Soil moisture (%) at
1/3 bar 38.3 41.8
15 bar 20.0 22.5
Bulk density (Mg m73) 1.28 1.20
Infiltration rate (mm h71) 8.20 8.35
EC (dS m71) 0.32 0.20
Organic carbon (%) 0.57 0.63
Ammoniacal nitrogen (kg ha71) 89.8 112.3
Nitrate nitrogen (kg ha71) 121 137.5
Available phosphorus (kg ha71) 23.9 24.8
Available potassium (kg ha71) 761.6 678.3
Figure 1. Lay-out of drip irrigation system in sugarcane (single replication).






































water required for fewer than 2-, 3- and 4-day interval schedules was calculated using the
following formula (Sivanappan et al. 1986):
Amount of water in litres¼
½fðLateral dripper spacing in mÞ wetted area, i.e. 60%g
 cumulative pan evaporation in mm crop coefficient at
different growth stage no. of drippers
Uniformity coefficient
ð1Þ
The crop coefficients during 0–2, 3–4, 5–6, 7–9, 10–11 and 12 months of the crop
growth period was considered as 0.6, 0.85, 1.0, 1.15, 0.85 and 0.65, respectively
(Doorenbos and Pruitt 1975). Under the furrow method, irrigation was scheduled at
75 mm CPE. For first four months, the depth of each irrigation was 6 cm and thereafter it
was 8 cm. During the first four month, irrigations were scheduled in each furrow (within
paired row), thereafter in furrow between paired rows (Figure 2). This is because the
middle furrow was converted into ridges as a result of earthing up. This practice is
followed by most of the farmers on a large scale. The three nitrogen levels tried were 250,
187.5 and 125 kg N ha71. One control plot (without fertilizer) was kept in each treatment
for computing nitrogen recovery, agronomic efficiency and physiological efficiency near
the adjoining experimental plot.
Nitrogen in the form of urea was applied in four splits as 10, 40, 40, and 10% at 4, 6–8,
14–16 and 18–20 weeks after planting, respectively. Nitrogen application was given by
filling the desired quantity of urea through a ventury fitted on line to the irrigation system
(Figure 1).
Quality parameters
At harvest, five canes were selected from each treatment and from all the replications.
About 1 L of juice was extracted from the cane using a clean and dry wooden extractor
and used for quality analysis. Brix percentage, an indirect measure of sugar concentration
in cane, was determined using a hand refract metre by puncturing the cane; 3–4 drops of
juice was placed on the glass stage of hand refract metre and the brix percentage was read
on a graduated scale.
From brix percentage sucrose content was calculated as:
sucrose% ¼ RB 3:06ð Þ=0:97
where RB is brix percentage.
Commercial cane sugar, which gives an idea of commercially utilizable cane for
producing sugar was calculated as:
Commercial cane sugar in sugarcane ¼ ½S 0:4 RB Sð Þ
0:74
ð2Þ
where, S ¼ sucrose % in cane juice
Sugar yield ¼ ðyield of cane CCS% in caneÞ
100
ð3Þ






































Purity per cent ¼ sucrose% in cane juiceð Þ
RB
 100 ð4Þ
Growth observation and yield
At harvest millable, the able height from the ground to height visible transverse mark,
millable weight and visible internodes of five selected canes were recorded.
Figure 2. Paired row planting with drip of single plot (single replication).







































From planting on 24 January to 31 March 1994 all treatments were irrigated at 2-day
intervals to ensure proper germination and establishment and hence soil moisture status
was not monitored. Gravimetric sampling at 15 cm depth interval up to 60 cm depth was
collected in both drip and furrow irrigation and was used to assess the magnitude of
moisture stress in sugarcane crops.
Plant response to moisture stress
To assess magnitude of moisture stress due to increasing canopy temperature, an Infrared
Thermometer (Tele Temp AG 34) was used and the canopy temperature was recorded
during midday (12:00–14:00 h) from 22 May 1994 to 10 October 1994 in all irrigation
treatments in four places. Stomata resistance was measured with an AP4 Steady State
Porometer before irrigation in furrow methods. In the drip method, the same parameter
was also measured to see the magnitude of stomatal resistance due to the differential
amount of irrigation water applied. To evaluate the magnitude of relationship between
stomatal resistance and photosynthetically Active Radiation (PAR), regression analysis
was done by considering stomata resistance as dependent variable and PAR as
independent variable, which were measured in the first fully opened leaf and continued
up to the seventh leaf in succession. The statistical analysis was carried out following the
procedures described by Snedecor and Cochran (1967) and Gomez and Gomez (1984).
Results
Irrigation schedule, yield and other parameters
In the drip method, frequent application of irrigation water at 2-, 3-, and 4-day intervals,
on an average of two years produced 19.7%, 16.2% and 13.3% higher cane yield,
respectively, than the furrow irrigation in which irrigation was applied at 75 mm
cumulative pan evaporation (Table 2). Although the cane yield in the drip method was
higher than furrow irrigation, delayed irrigation in the drip system from 2 to 4 days
showed a decreasing trend. During the 1993–1994 crop years, the sugarcane yield in
the case of 2-day intervals was 155.7 t ha71 and was reduced to 151.4 and 146.6 t ha71 at
3- and 4-day intervals, respectively. The corresponding value of sugarcane yield during the
1994–1995 at 2-, 3- and 4-day intervals was 159, 154.0 and 150.6 t ha71. From planting to
early growth period (up to March 1993 and 1994), irrigation was applied at 2-day intervals
in drip irrigation and at 75 mm CPE in furrow irrigation for the proper establishment of
the crop. In subsequent months, particularly in April and May, high evaporation rate (up
to 14 mm day–1) resulted in maximum depletion of available moisture (62.2%) in one of
the irrigation cycles in 0–15 cm soil depth. On an average of soil profile depth from 0–
60 cm, moisture depletion was 48.8%. In the rest of the months, the depletion of available
moisture was 34.2–45.7%. But in the case of the drip method where irrigation was applied
at frequent intervals of 2, 3, and 4 days, the depletion was 5.2–19.8% with higher depletion
towards the longer irrigation interval. The commercial cane sugar (CCS) was not affected
by irrigation schedules in both the years and pooled data but total sugar yield was
significantly influenced during 1993–1994 and pooled data, which is a product of
sugarcane yield and CCS percentage. In furrow irrigation, the total sugar yield on an
average of two years was 15.0 t ha71; in drip irrigation yield was increased by 26.7%,
21.3% and 17.3% in 2-, 3- and 4-day intervals, respectively.


















































































































































































































































































































































































































































































































































































































During 1993–1994, the brix value was influenced by irrigation schedules; however
other quality parameters were not influenced by the application of differential quantities of
irrigation water (Table 3). The applied nitrogen through irrigation water (fertilization) was
highly effective as it is evidenced by more nitrogen uptake as compared to furrow
irrigation. On an average of two years, nitrogen absorbed by the plant was higher by
29.1%, 27.7% and 22.5% in 2-, 3-, and 4-day drips, respectively, than furrow irrigation in
which total N uptake was 113.4 kg ha71 out of 187.5 kg applied nitrogen (mean over three
N levels) (Table 4).
In the case of the unfertilized control, the sugarcane yield in furrow irrigation, 2-, 3-,
and 4-day drip intervals were 74.5, 91.5, 86.5 and 81.5 t ha71, respectively, in pooled data.
The corresponding value during the first year was 75, 92.9, 86.9, 82.4 t ha71 and during
second year 74.0, 90.1, 86.1 and 80.6 t ha71. In the unfertilized control plot, the nitrogen
uptake was 75, 89.8, 87 and 83 kg ha71 in furrow irrigation, 2-, 3-, and 4-day drips,
respectively, in pooled data and 74.4, 92.0, 86.3 and 81.2 t ha71 during the first year and
76.5, 87.7, 87.8 and 85.8 t ha71 during the second year in the corresponding treatment.
The response of applied nitrogen (agronomic efficiency ¼ cane yield in kg with per kg of
applied nitrogen) was significant in both years and pooled data. On an average of two
years, the agronomic efficiency was at a maximum of 376.2 kg cane yield per kg of applied
nitrogen in 4-day drip irrigations followed by 3- and 2-day drips. But in furrow irrigation,
the response of applied nitrogen was very low (253 kg cane per kg of applied N). In the
case of apparent nitrogen recovery percentage, the effect of different levels of irrigation in
the drip method and furrow irrigation was not significant but the nitrogen recovery was
very low, i.e. 22.2% in furrow irrigation and as high as 33.4% in 3-day drips. Similar was
the case with physiological efficiency in which the lowest value of 446.1 kg cane yield with
per kg of N uptake was observed in 3-day drips and the highest of 520.4 kg yield with per
kg of N uptake was recorded in furrow irrigation.
Crop growth performance
In the drip method, frequently irrigated condition maintained plant turgidity at the highest
rate and thus cane height there was maximum of 2.7 m in 2-day intervals followed by 3-
and 4-day intervals. However in furrow irrigation, the cane height was 2.5 m. Similarly,
the weight of the cane was higher in the drip method and lower in the furrow method. The
number of total internodes is primarily an inherent varietal characters, but in this case
during the formative stage (planting to May–June) when the crop was subjected to
moisture stress, the internal formation might have restricted the growth of internodes due
to higher evaporation and other atmospheric variables such as sunshine hours, wind speed
and low relative humidity and hence the number of internodes was reduced marginally in
furrow irrigation.
Fertilizer application and cane yield and other parameters
Crop growth
Sugarcane crop produces heavy tonnage, removes excessive amount of plant nutrients
from soil and hence the application of sufficient quantity and appropriate time is
important. However the soil water governs availability and improvement of these
nutrients. The application of differential amounts of nitrogen showed improvement on
cane yield, the magnitude being 15.8 and 7.3% at 250 and 187.5 kg N ha71 doses,
















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































respectively, over 125 kg N ha71 in pooled data (Table 2). Similarly in an individual year, the
increase in sugarcane yield was 14.5–17.5% at 250 kg N ha71 and 7.0–8.1% in 187.5 kg N
ha71 over the lowest dose of nitrogen. The response to fertilizer dose on sugarcane yield was
in an increasing trend with the increasing nitrogen level. The agronomic efficiency in pooled
data was statically significant and was showing an increasing trend with decreasing nitrogen
level. Similar was the case in respect to apparent recovery but in the case of physiological
efficiency, the trend was reverse and showed higher value at the highest level of fertilizer dose
(Table 4). Hence to assess the magnitude of response to applied nitrogen and to estimate
economic optima, the yield of sugarcane was fitted against nitrogen levels plot-wise (36
numbers) in quadratic equation considering yield as a dependent variable and nitrogen as an
independent variable. The following equations were obtained:
1993---1994Y ¼ 123:9þ 1:7089N 0:0211N2 r2 ¼ 0:3586 ðiÞ
1994---1995Y ¼ 129:39þ 1:0779N 0:0007N2 r2 ¼ 0:5029 ðiiÞ
Pooled Y ¼ 126:64þ 1:3439N 0:0109N2 r2 ¼ 0:4982 ðiiiÞ
where Y ¼ estimated sugarcane yield in t ha71 and N ¼ nitrogen level in kg ha71.
Since the response to applied nitrogen level on sugarcane yield is not significant as
expressed with low r2 values in all equations, the economic optima could not be evaluated.
The interactions between the irrigation method and fertilizer levels were non-
significant, however in the case of drip method, irrigation at every third day with only
125 kg N ha71 recorded sugarcane yield of 148.3 t ha71 which is equivalent to furrow
irrigation with 250 kg N ha71. It is thus inferred that utilization of nitrogen through drip
was quite high.
Generally, there is progressive decrease of sucrose content with increasing nitrogen
level because of more vegetative growth. On an average of two years, 13.8 and 5.4%
higher sugar yield was recorded at 250 and 187.5 kg N ha71 dose, respectively, than
125 kg N ha71 (Table 2).
With increasing nitrogen levels from 125–250 kg N ha71, there was a progressive
increase in cane height, weight per cane and the number of internodes per cane. Because
nitrogen is an important plant nutrient and a constituent of protein, it enhanced all growth
parameters significantly (Table 6). Total nitrogen uptake, apparent recovery, agronomic
efficiency and physiological efficiency in plant was influenced significantly by the
application of different amounts of nitrogen, and the magnitude of reduction of certain
parameters like nitrogen uptake, physiological efficiency was noticed with decreasing
nitrogen levels but the apparent recovery and agronomic efficiency was increased with
decreasing nitrogen levels (Table 4).
Irrigation water
During the crop growth period (planting to harvest), this crop required 166 and 168 cm
irrigation water in the furrow method besides 58.3 and 43.3 cm rainfall in 1993–1994 and
1994–1995, respectively. In the case of drip irrigation, the corresponding value of
irrigation water was 93.2 cm and 98.4 cm, which were 43.9 and 41.4% less water than
furrow irrigation (Figure 3). Besides a saving of irrigation water, this method increased
cane yield by 13.3–19.7%. On an average of two years, total water (including rainfall) in
the furrow method was 217.8 cm and the potential ET by Modified Penman method was






































146.5 cm (Figure 4). Thus, an excess amount of 71.3 cm water might have been lost
through percolation but in the case of drip irrigation, the total water requirement
(including rainfall) was 146.6 cm and the crop ET was 146.5 cm, which was same and
hence there was no deep percolation loss.
The irrigation water use efficiency (kg sugarcane yield per ha-cm of irrigation water
applied) in furrow irrigation was 786 and 788 kg per ha-cm in 1993–1994 and 1994–1995,
respectively. However in the drip system at 2-, 3-, and 4-day intervals, it was 104.7–
112.0%, 98.3–106% and 94.0–99.7% higher than furrow irrigation, respectively (Table 5).
The values of irrigation water use efficiency increased with decreasing irrigation water
applied. In the present experiment, sugarcane yield was higher in 2-day intervals than 3-
and 4-day intervals with the application of the same amount of irrigation water, and hence
this resulted in higher water use efficiency in the former treatment.
Canopy temperature
Results presented in Figures 5 and 6 on canopy temperature and Tc-Ta revealed that in the
drip irrigation Tc-Ta (canopy temperature-air temperature) ranged from 74.5 to 71.88C
in 2-day drip, 73.8 to 71.68C in 3-day drip and 73.6 to 71.08C in 4-day drip intervals.
However, in furrow irrigation Tc-Ta at the time of irrigation was very high and it ranged
from 70.3 to 70.98C. Immediately after irrigation in the furrow method, Tc-Ta was
reduced considerably due to complete cooling of the crop canopy. In the month of May
1994, where the maximum temperature ranged from 37–42.48C, the Tc-Ta was slightly
higher and it ranged from 70.3 to 71.98C during the observation period. In this month,
the crop canopy was not fully developed and the more exposed land surface contributed to
increasing the plant canopy temperature. But in the later part of the growth period, Tc-Ta
was less due to occasional rains (Figure 6). For clarity of treatment effect, the data on Tc-
Ta of furrow irrigation and 2-day drip intervals is shown in the above Figure.
Stomata resistance
The stomatal resistance was higher in furrow irrigation than drip irrigation as soil
moisture stress was quite high in the former method of irrigation. Due to longer irrigation
Table 5. Irrigation water use efficiency as influenced by irrigation and nitrogen.
Treatment
IWUE (kg ha71 cm)
1993–94 1994–95 Pooled
Furrow method at 75 mm CPE 786 788 787
Drip at 2 days 1676 1615 1644
3 days 1624 1565 1593
4 days 1572 1531 1551
SE 48 26 26
Nitrogen (kg ha71)
250.0 1511 1490 1499
187.5 1416 1368 1390
125.0 1318 1267 1291
SE 22 18 14
Irrigation6nitrogen
SE ns ns ns

































































































































































































































































































































































































































































































































intervals, water availability in the root zone was in a depleting trend and the plant could
not compensate the high crop evaporative demand towards the very end of each irrigation
cycle. In general, the stomatal resistance in the first leaf was very high and it declined
towards the fourth to fifth leaf. Thereafter, stomatal resistance remained static and
sometimes it increased slightly in the sixth and seventh leaf in both irrigation methods but
with lesser magnitude. In the month of May 1994, stomata resistance was very high but
Figure 3. Cumulative irrigation requirement in sugarcane during 1993–1994 and 1994–1995.
Figure 4. Monthly rainfall and evaporation during 1993–1994 and 1994–1995.






































towards the later crop growth period (up to August 1994) it was quite low. In the month of
October 1994, the stomatal resistance was again increased. This increasing trend of
stomatal resistance with plant age could be due to changes from the formative to maturity
stages.
The photosynthetic active radiation (PAR) value was very high in the month of May
1994, where the duration of sunshine hours was 5.5–11.5 h per day. The PAR value
further decreased in the rainy season. On 19 July 1994, the PAR value was minimal due to
cloudy day. In all the observation period, the PAR value decreased towards the seventh
leaf position as the solar radiation penetration within the crop canopy was interrupted by
upper leaves. PAR value was higher in furrow irrigation than drip irrigation. This trend
could be due to less leaf area index in furrow irrigation.
To assess the impact of PAR on stomatal resistance, regression analysis was done
between stomatal resistance and PAR in both furrow and 2-day drip irrigations in which
the highest nitrogen of 250 kg N ha71 was applied. The total number of observations was
105. The results presented in Figure 7(a) and 7(b) revealed that PAR actively influenced
stomatal resistance by 41% in furrow irrigation and 59% in drip irrigation.
Benefit cost ratio
The result presented in Table 7 revealed that due to a 42.6% saving of water in drip
irrigation and bringing an additional area of 0.74 ha under sugarcane cultivation brings a
Figure 5. Plant canopy temperature (8C) in sugarcane during 1993–1994 and 1994–1995.






































net revenue of US$1214 by selling the actual sugarcane yield of 116.4 t. When this revenue
is added to the net seasonal income of Rs US$1641, the total net income is increased to US
$2856 and thus it gives a benefit cost ratio of 1.02 as against 0.95 in surface irrigation
where the total expenditure was US$1389 with a net return of US$1325.
However, in the process of implementation on a large scale, the farmers are facing
problems of maintenance. Once the crop is fully developed, it becomes very difficult to
enter the field to inspect the proper discharge rate of the drippers as rats/rodents damage
the lateral and the flow of water through the lateral get discontinued. So four rows
planting methods are being followed extensively and the drip irrigation has been found to
be a very effective method in sugarcane.
Discussion
The sugarcane yield under furrow irrigation was reduced at a greater level as compared to
drip irrigation. Generally in a living plant, all physiological processes are regulated by
plant water. Also, in the soil profile, nutrient transformation and its availability is
controlled by soil water, without which a plant cannot survive. Such types of adverse
effects on plant metabolism might have occurred in each irrigation cycle particularly in the
furrow method as irrigation was applied at the shortest day intervals of 6–10 days in
April–May to the longest day intervals of 36–41 days in the rainy season (August–
September). In the drip method, irrigation was applied in 2-, 3- and 4-day intervals.
Sugar formation is dependent on climatic parameter and associated with adequate
water supply. During the vegetative phase, the growth of internodes takes place at
Figure 6. Difference in canopy and air temperature (Tc-Ta) in sugarcane under furrow and drip
irrigation.






































potential rates but during the grand growth period, internode elongation and sugar
formation goes simultaneously under low temperature (158C) with low humidity (50–
60%). Bright sunny days with diurnal changes of temperature like a dry day and cool night
Figure 7. (a) Regression between stomatal resistance and PAR in furrow irrigation; (b) Regression
between stomatal resistance and PAR in drip irrigation.






































helps in the formation of sugar during daytime and accumulation at night. In the study
area, the day/night temperature differences during the above period were 7.5–20.88C and
11–20.28C during 1993 and 1994, respectively. However, in the months of March to May,
the difference in maximum and minimum temperature was greater than that of October to
December, with very high temperatures during daytime (up to 40.68C in May) which
caused a reduction in plant growth.
The brix values, sucrose content and purity percentage determine the quality of cane.
The cane quality is good if it contains 12–13% fibre and juice having more sucrose and
purity with the minimum amount of non-sugar (Panje 1968). In the present study, the
quality parameters were affected due to inadequate soil moisture in the crop root zone by
withholding irrigation water in the furrow method for several days. In South Africa,
Robertson and Donaldson (1998) reported that the practice of drying-off before harvest
increased sucrose content by 18%. Furthermore, Robertson et al. (1999) analyzed 37
drying-off experiments during 1965 and 1995. Out of 83 experiments on the drying-off
treatments analyzed, 19 experiments increased sucrose yield between 0.5 and 2.5 t ha71. A
reduction in total biomass in 19 experiments was hardly less than 10%. They further
suggested that the drying-off treatment is highly economical when cane yield is
reduced between 4% and 8% by water stress. In well protected rainout shelter treatment,
Inman-Bamber and de Jager (1988) reported an increase in sucrose yield to the extent of 11.8 t
ha71 in irrigated sugarcane and 10.7 t ha71 in the case when irrigation water was denied for 5
months. So it is highly essential to make a proper irrigation schedule so that sugar quality is









1 Fixed cost (US$/ha) 1111 494
A Life year 6 20
B Depreciation 185 25
C Interest (12%) 133 59
D Repair and maintenance (2%) 22 10
Total (A–D) 340 94
Grand total (340 þ 94) 434
2 Seasonal cost (US$/ha) 1608 1389
3 Water used (cm) 95.77 167
4 Yield in 2-day intervals (t/ha) 157.3 131.43
5 Selling price (US$20.65/tonne) 3249 2714
6 Net seasonal income (US$) 1641 1325
7 Additional area (ha) cultivated due
0.74 to saving of 71.2 cm water
0.74
8 Additional expenditure due to
additional area (US$)
1190
9 Yield (t/ha) from 0.74 ha at 157.3 t/ha 116.4
10 Additional income (US$) 2404
11 Additional net income (US$) 1214
12 Gross cost of cultivation (US$) 2797 1389
13 Total net income (US$) 2856 1325
14 Net benefit cost ratio 1.02 0.95
15 Net profit in US$ per cm of water used 17 8






































maintained properly (Yadav and Prasad 1988). In the present study in general, sucrose content
and purity percentage were slightly higher in 2-day drip intervals, because the marginal
moisture stress increased the constituents of the juice instead of diluting it.
Leaf and stalk elongation is basically an increase in volume of the crop by enlargement
and development of plant cells. Under an adequate water supply, turger pressure exerts
inside the cell and it stretches the cell wall and expands it again when the plant adequately
absorbs water. But under water-deficient conditions, the rate of growth declines, as the cell
does not stretch (Kramer 1949; Slatyer 1957). In the present experiment, such types of
processes might have occurred in the furrow method, when irrigation was applied at
longer intervals. With the results, the internodes’ length and plant height was reduced
considerably compared to drip irrigation.
In the case of drip method, urea solution as per levels once applied through drip come
in direct contact with the root system and with an adequate amount of soil moisture, the
mineralization rate is enhanced and finally increases nitrogen use efficiency. But in flood
irrigation, nitrogen availability is reduced with decreasing soil water during the drying
process and whatever NO3- N is formed in soil profile due to mineralization, moves into
the deeper layer due to high mobility after re-watering. Hence a low yield of sugarcane in
furrow irrigation even under higher N level could be the possible reason of less utilization
of applied nitrogen (Rolstan et al. 1986).
In general, differential nitrogen levels had no significant effect on brix, sucrose content
and purity of sugarcane juice; however the brix percentage increased with decreasing
nitrogen levels. But in the case of sucrose content and purity percentage, the reverse was
the trend. Singh and Mohan (1994) have reported poor quality of juice beyond 300 kg N
ha71. Furthermore, they reported an increased dose of nitrogen and increased activity of
enzymes, which is responsible for degradation of sugar and changing into glucose and
fructose. Fritz (1974) and Wiedenfeld (1995) reported that during the ripening phase, an
abundance of nitrogen in the plant is detrimental to sucrose accumulation and ultimately
the sugar yield. In Texas, Wiedenfeld and Enciso (2008) reported linear response on cane
yield with the application of nitrogen through drip up to 180 kg ha71. The response was
74 kg cane yield with per kg of N. In Mauritius, Ng Kee Kwong et al. (1999) studied
fertilization in sugarcane with 40, 80, 120 and 160 kg N ha71 through drip irrigation and
only 120 kg N ha71 in a buried pipeline along the crop row. They found the maximum leaf
area index and tiller density at 120 kg N ha71 through fertilization. In India (Maharashtra
and Orissa), Singandhupe et al. (2003, 2005), reported an increasing trend in agronomic
efficiency and apparent recovery with reducing nitrogen level and a decreasing trend in
physiological efficiency with reducing nitrogen level in tomato crops under drip irrigation.
Generally, crops extract more amounts of nitrogen under limited nutrient supply and
hence agronomic efficiency and apparent recovery was higher in lower levels of nitrogen.
Irrigation water use efficiency of sugarcane in the furrow method was drastically reduced,
compared to drip irrigation. In the furrow method, although the amount of irrigation water
applied was more than drip irrigation, the proportionate production of biomass did not
appear in this method. With the results, the IWUE was reduced significantly.
Kingston (1994) from Australia from a number of publications on WUE
(sugarcane yield/ET crop), recorded WUE in the range of 8.37–20.94 t ML71
(837–2094 kg per ha-cm); Robertson and Muchow (1994) reported 4.80–12.00 t ML71
(480–1200 kg per ha-cm) from their experiments in Southern Africa, Hawai and
Australia, and Wiedenfeld and Enciso (2008) in Texas in sugarcane reported low water
use efficiency in higher amounts of irrigated plot (20% higher than ET crop) through the
drip method.






































In the furrow method, stomatal resistance was higher than drip irrigation because of
inadequate amounts of soil moisture in the root zone. On an average of seven leaves of
sugarcane, stomatal resistance in five irrigation cycles was 194–526 s m71 in furrow irrigation
and 162–391 s m71 in drip irrigation. The magnitude of reduction in stomatal resistance
from the first top leaf to the bottom seventh leaf was 8–36.9% and 4–26.4% in the
corresponding irrigation methods. Photosynthetic Active Radiation (PAR) value was
ranging from 446 mmol s71 m72 to 1657 mmol s71 m72 in furrow irrigation and 368 micro
mol s71 m72 to 1632 micro mol s71 m72 in drip irrigation. Due to a good amount of
canopy development in drip irrigation, solar radiation interruption was more and hence the
reduction of PAR value from first leaf to bottom leaf was 28–63% and in furrow irrigation it
was 35.8–56.6% in different irrigation periods. Meinzer and Grantz (1990) studied stomatal
control and transpiration and stomata and hydraulic conductance in sugarcane, respectively
under different leaf area index (LAI 2.2, 3.6 and 5.6) and even up to leaf area below 0.2 m2
plant71. They found that a small reduction in stomata conductance due to moisture stress
had little effect on transpiration as the total transpiration is adjusted due to more canopy
development but during the initial crop growth stage, the stomata conductance is badly
affected due to moisture stress. In tomato, Singandhupe et al. (2003) have reported less
stomata resistance in drip (2-day intervals) than surface irrigation (irrigation at 60 mm CPE);
the values being 131–236 s m71 in drip irrigation and 197–257 s m71 in furrow irrigation. A
similar trend was observed in our present experiment.
Conclusion
Sugarcane is water and nutrient exhaustive and being a long duration crop needs proper
attention for efficient utilization of both these inputs in crop production. The present study
showed that the adoption of drip irrigation not only saved 42.6% irrigation water but also
increased sugarcane yield by 13.3–19.7% in different day intervals. The application of fertilizer
through drip systems improves fertilizer use efficiency as most of the water-soluble fertilizers
are placed or injected near the crop root zone with negligible percolation loss.
Although the present research result on nitrogen response to sugarcane yield was
found to be non-significant, the yield recorded in furrow irrigation with 250 kg N ha 71
was equal to the yield obtained in 4-day intervals with 125 kg N ha71 level. Monitoring
canopy moisture stress by infrared thermometer and stomata resistance by AP4 Steady
State Porometer helps to make a proper irrigation schedule on a large-scale basis where
planning is made on a large scale in the irrigation command area.
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